Introduction
Dissolved oxygen (DO) content of the marine environment is a crucial parameter for life and water quality as well as playing an important role in biogeochemical processes, and respiration of plants and animals, and decomposition of organic matter by bacteria are the primary processes that consume dissolved oxygen content of water and pore-water in sediments. If the oxygen concentration of water falls below about 2 mg/1, living organisms become stressed and the consequent conditions lead to hypoxia. Persistent hypoxia and increased oxygen uptake accompanies release of hydrogen sulfide. Anoxia occurs in estuaries where high loads of organic matter and/or nutrients are supplied, and in semienclosed water bodies where water mixing and tidal exchanges are strongly restricted. In recent years, aquatic ecosystems have been contaminated by heavy metals; which are of agricultural, industrial, domestic, mining and also natural origins (Ayas and Kolankaya 1996; Han et al., 2002) . They are potentially toxic to the aquatic environment; if they exceed natural limits, they will be harmful to the aquatic organisms' environments and human health (Forstner and Witmann, 1981) . Organisms need some metals such as Fe, Cu, Zn, Co, Se, Ni and Mn in certain amounts; however, exceeding these amounts may cause toxic effects for these organisms. Some metals such as Hg, Cr, Pb and Cd are toxic to organisms and marine habitat. These metals are dissolved in sea water or suspended in solid materials and absorbed through the gills or skin of marine organisms; they also accumulate in the bodies of organisms through the food chain (Forstner and Witmann, 1981) . Mussels, in particular, have been used as biological indicator organisms to monitor marine pollution by toxic heavy metals and potentially toxic chemicals due to their properties of inhabitation (Pempcowiac et al., 1999; Hu 2000) . Izmit Bay (Figure 1 ) is a semi-enclosed water body and situated in the NE of Marmara Sea. It has been subjected to pollution problems (Orhon et al., 1984; Tuğrul et al., 1989; , including eutrophication of the water and inputs of toxic industrial and domestic effluents. Total organic matter load of industrial discharges has been reduced to 80% within the last 10 years, whereas domestic organic loads have been increased in two fold . The earthquake with a magnitude of 7.4 was occurred at 17 th of August 1999, destroying the eastern Marmara Region. The epicenter of the earthquake was found to be in a small city (Gölcük) located on the southern coast of Izmit Bay. This seismic event caused the destruction of wastewater discharge systems and also dispersal of refined petroleum products onto the sea surface from the subsequent refinery fire. The surface waters of the Bay were partly covered by the thick petroleum layers and partly by a film . Petroleum layer covering the surface water reduced the transfer of oxygen from air/sea interface and also caused the subsequent death of living organisms. Increasing effluent discharges into the Bay produced an exceptional plankton bloom. Coupling of such factors leading to oxygen deficiency at the sea floor caused the formation of anoxic conditions. Okay et al., (2001) investigated ecological changes in Izmit Bay, however their data is limited with the September 1999. This paper presents the results of one-year monitoring program performed in Izmit Bay after the Earthquake, with the purposes of describing the abrupt changes in chemical oceanography and understanding the mechanism of H 2 S generation in the Bay which has not been occurred before. Furthermore, the factors controlling metal distributions in water column and surface sediments of the Bay were discussed in this study.
Study area
Izmit Bay is an elongated semi-enclosed water body with a length of 50 km, width varying between 2 to 10 km ( Figure 1 ) and has an area of 310 km 2 . The bathymetry of the Bay constitutes three sub-basin separated by shallow sills from each other. The eastern basin is relatively shallow (at about 30 m) whereas the central basin has two small depressions with depths of 160 and 200 m. The western basin deepens in westward from 150 m to 300 m and connects the Bay to the Marmara Sea. Izmit Bay is oceanographically an extension of Marmara Sea, having a permanent two-layered water system. The upper layer is originated from less saline Black Sea waters (18.0-22.0 psu), whereas the lower layer originated from the Mediterranean Sea waters is more saline (37.5-38.5 psu) (Ünlüata et al., 1990) . The permanent stratification occurs at about 25 m in the Marmara Sea (Beşiktepe et al., 1994) , however it is highly variable in Izmit Bay (Oğuz and Sur, 1986) (Figure 2 ). The thickness of the upper layer changes seasonally from 9 to 18 m spring and autumn, respectively (Oğuz and Sur, 1986; Algan et al., 1999) . The upper layer enters into the Bay in spring and summer, corresponding to the freshwater inflow changes in the Black Sea, while the lower layer flows to the Marmara Sea from the Bay. However, the upper layer flows towards the Marmara Sea in autumn and winter (Oğuz and Sur, 1986) . Vertical mixing of the two layers is restricted and occurs at shallow depths. An intermediate layer develops throughout the year in the water column of the Bay with varying thickness (DAMOC, 1971; Baştürk et al., 1985; Tuğrul et al., 1989; Oğuz and Sur, 1986; Altıok et al., 1996) . The upper layer of Izmit Bay, in general, is saturated with DO (Tuğrul and Morkoç, 1990) . DO concentrations in the lower layer of Izmit Bay has been found to be 2.5-3.0 mgl -1 in winter and spring periods and 0.7-1.5 mgl -1 in summer, in previous studies . The minimum DO concentrations have been measured locally in the central basin (0.1-0.2 mgl -1 ) and in the eastern basin (0.5 mgl -1 ) during spring-summer period (Tuğrul and Morkoç, 1990) . Izmit Bay and its surroundings is one of the most industrialized and populated area of Turkey, receiving more than 300 industrial and domestic effluents . Industrial effluents discharges a total of 163,000 m 3 /day wastewater, 24 tons/day BOD and 19,5 tons/day TSS to Izmit Bay . The eastern basin receives the highest inputs compare to other basins of the Bay. Based on the previous studies, no DHS has been measured in Izmit Bay (Morkoç et al., 1988; Tuğrul et al., 1989; Morkoç et al., 1996) . Industrial loads have been reduced by treatment and waste minimization within the last 10 years, but domestic wastes has doubled, due to the increasing population in the Bay. Therefore, the total (domestic + industrial) discharge load into the Bay during the last 10 years has not changed significantly . The dissolved oxygen content of Izmit Bay decreased dramatically from 1984 to 1999 and reached to a minimum value at 20 m throughout the Bay . Ergin et al., (1991) suggested that the surface sediments in İzmit Bay are uncontaminated by anthropogenic pollution. However Yaşar et al., (2001) investigated that the heavy metal concentrations are highest in the eastern and central basins. The western basin was also found generally unpolluted with respect to heavy metals by Yaşar et al., 2001 . Fig. 1 . The location (left) and bathymetry (above) of the study area. The location of sampling station in İzmit Bay (below).
Material and methods

Sampling sites
The water samples were collected from 32 stations in İzmit Bay, including one station located off the western basin (R), on board the R/V Arar (Figure 1 Fig. 2. Depth profile of salinity and temperature distribution along the water column of some selected station from İzmit Bay (from Güven et al., 2000) .
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Analytical methods
Samples for DO determinations were drawn first from the Niskin bottles of Rosette to prevent any biological activity and gas exchanges with the atmosphere. DO determination was carried out by Winkler method (Greenberg et al., 1985) on board from all the stations (Figure 1 ). The precision of method was estimated at  1.9 % . Dissolved hydrogen sulfide (DHS) was measured only at stations where DO concentrations are lower than the detection limit of the method (0.03 mgl -1 ) (Figure 1) , in all the sampling periods, except August and September 1999. DHS contents were measured by an iodometric titration method (Strickland and Parsons, 1972) . pH values measured along the water column at all stations with a WTW 526 pH-meter equipped with a temperature-compensation adjustment on board. The water samples were filtered through 0.45 µm filters using metal clean tecniques (Bruland et al., 1979) . The samples were stored in polyethylene bottles (LDPE) that were acid cleaned using methods described Patterson and Settle (1976) . After collection, the samples were acidified to a pH between 1.5 and 2.0 using HNO 3 . Dissolved heavy metal concentrations (Fe, Mn, Pb, Cu and Cd) were measured by atomic absorption spectrophotometer (AAS) following preconcentration with ammonium 1-pyrrolidinedithiocarbamate (APDC) in an organic extraction (Bruland et al., 1985) . The blanks for the metals analyzed were: Fe, 010  0.05 mg/l; Mn, 0.10  0.02 mg/l; Cu, 0.15  0.08; Cd, 0.05  0.03 mg/l; Pb, 0.20  0.30 mg/l. The surface sediments total carbonate contents were determined by a gasometric-volumetric method (Loring  Rantala, 1992) . Total organic carbon (C org ) was analyzed by the WalkeyBlake method, which involves titration after a wet combustion of the sample (Gaudette, 1974; Loring  Rantala, 1992) . Al, Fe, Mn, Cu, Zn, Co and Cr contents were determined by atomic absorption spectrophotometer (AAS) after a "total" digestion, involving HNO 3 + HClO 4 + HF acid mixture. The sequential selective extraction analyses were carried out using 1M Na-acetate (pH=5 adjusted by acetic acid) for the dissolution of carbonate phase, 0.04M hydroxylamine hydrochloride (HAHC) in 25% acetic acid for dissolving Fe-Mn-oxyhydroxides, 0.02M nitric acid + 30% hydrogen peroxide (pH=2) for extracting organic matter, and HNO 3 + HClO 4 + HF mixture for the total extraction of the residual (lithogenous) fraction (Tessier et al., 1979 www.intechopen.com
The precision of the "total" metal analyses and the different selective extraction steps is better than 10% and 15%, respectively, at 95% significance level. The accuracy of the analyses were checked by analyzing the AQCS (lake sediment SL-1 and SL-7), IAEA405 and BCR (light sandy soil CRM 142) reference materials ( Table 1) . The metal values were normalized to eliminate the grain-size effects using metal/Al ratios (e.g., Loring  Rantala, 1992).
Results
Dissolved Oxygen (DO)
The vertical changes of DO in water column are shown by selecting some of the stations from each of the three (western-central-eastern) basins where the variations are significant ( Figure 3 ). In station (R), DO concentrations are between 7.4-10.7 mgl -1 for the upper layer, and 1.1-1.5 mgl -1 in the lower layer during the sampling period between August 1999 to August 2000 (Figure 3 ), which are similar to vertical DO concentrations of the Marmara Sea (Ünlüata and Özsoy, 1986; Ünlüata et al., 1990; Doğan et al., 2000) . Depth profile of DO concentration in İzmit Bay displays a sharp decrease at about 20 m below the surface in the western and the central basins, following the water stratification during late summer and autumn ( Figure 3 ). In February the gradual decline of DO occurs at about 30 m water depth. DO concentration of the water column in the eastern basin indicates a more gentle profile, probably due to the vertical mixing of the two layers (Oğuz and Sur, 1986; Altıok et al., 1996) 
Dissolved Hydrogen Sulfide (DHS)
The presence of DHS is limited with certain stations and in the lower layer. DHS formation develops both in the shallow area of the eastern basin (maximum 30 m) and relatively deep areas of the central basin. DHS is detected in stations 27, 29, 30 and 31 in the eastern basin, and 8C, 17, 19, 20, 23 and 24 in the central basin ( Figure 1 , Table 1 ). In the station 25 situated at the connecting small strait between the eastern and the central basin, measurable DHS exists in the lower layer. DHS concentrations vary in between 0.06-1.25 mgl -1 , reaching to their maximum in the lower layer of station 17. No DHS data available for the sampling period of August 1999 after the Earthquake. DHS concentration in October 1999 reaches to 1.14 mgl -1 in the eastern basin (station 30) (Figure 3 ). In general, DHS appears at a water Figure 3 , Table 2 ). In August 2000, both concentration and thickness of DHS formation of the lower layer in station 17 increase. In spite of continuous presence of DHS in station 17, it occurs solely in October 1999 in the other stations of the central basin, and never reaches to 1 mgl -1 (Figure 3 , Table 1 ). DHS is detected mainly at the very close to bottom (2 m above the sea floor) of the lower layer in most of the stations in the central basin, however the lower 25 m and 15 m of the water column in station 20 and 8C, respectively, contain DHS.
pH
The highest pH values were measured in October 1999 and May 2000 throughout the water column in İzmit Bay, and were particularly high in the eastern basin (Figure 8 and 9 ). The lowest pH values, on the other hand, correspond to sampling period of August 2000. pH values significantly decrease from 8.5 to 7.1 mainly in the eastern basin and to a lesser degree in the central basin, during the formation of DHS.
Metals 3.4.1 Water column
Iron concentrations range between <4 mg/l and 21 mg/l along the water column in İzmit Bay (Table 3 ). The highest values are measured after the Earthquake (October-1999). High dissolved Fe concentrations indicate reduction of Fe-oxides by bacteria during mineralization of organic carbon in the sediment and diffusion into bottom waters (Nealson, 1982; Lovley and Phillips, 1988; Nealson and Myers, 1990) . Fe values are decrease in May and August 2000 where Fe limitation is thought to control phytoplankton productivity. Manganese concentrations vary between <1 and 123 mg/l in water column of the Bay (Table  3) . The values increased in lower layer water and near the sediment-water interface in eastern and central basins. This was attributable to the degradation of settling organic carbon (Nealson, 1982; Nealson and Saffarini, 1994; Nealson and Myers, 1990) . Manganese oxides were reduced to dissolved Mn +2 , which diffused from the sediment into the water column occurring the anoxic conditions. The lowest Mn values are obtained in December 1999 and February 2000. In these periods, oxygen-rich waters of Marmara Sea (Mediterranean originating) flow into the Bay. Thus, Mn-oxides are occurred and flocculated in water column with reoxidation of dissolved Mn in more oxygenated waters. Lead concentrations range between <0.8 and 1.8 mg/l in the Bay waters (Table 3) . The highest values are suggested that atmospheric and anthropogenic inputs.
Copper concentrations vary between <0.4 and 7.4 mg/l along the water column of the Bay (Table 3 ). The high values shows that Cu was mainly affected by redox reactions involving Mn and Fe in bottom waters of the eastern and central basins. The lowest Cu concentrations are measured in occurring the extreme phytoplankton blooms periods especially in these regions. Table 3 . Metal concentrations along the water column of the Izmit Bay (µg/l).
Cadmium concentrations are lower than the detection limit of the method (<0.01 mg/l) along the water column of the Bay (Table 3 ). Since the domestic and industrial waste-water system has been damaged by the earthquake, causing the extreme phytoplankton bloom ). This element is incorporated into organic matter by phytoplankton during periods of primary production (Sunda and Huntsman, 1995) . Therefore, the relatively low residence time could be the result of biological uptake.
Surface sediments
3.4.2.1''Total'' metal distributions
The Iron concentrations range between 2.4 % and 11.8 % and are generally above the shale average value of 4.7 % (Krauskopf, 1979) (Table 4 ). The highest values are measured in southern shelf and eastern basin of the İzmit Bay. The Fe distribution in the Bay sediments is controlled mainly by the riverine and anthropogenic inputs on this land-locked system.
Element
Average shale (Krauskopf, 1979) Gulf of Izmit min -max Cr (µg/g) 1 -0.59 +0.55 Table 5 . Corelation coefficient of matrix geochemical parameters of sediments.
Zinc concentrations range between 84 g/g and 306 g/g and are above the shale average value of 4.7 % (Krauskopf, 1979) (Table 4 ). The high values seem to have been controlled mainly by the anthropogenic inputs from the eastern region similar to the other elements. This element shows a high correlation with the C org and Cu contents (r=0.78, and 0.89 respectively) (Table5). Al, Fe, Mn, Co and Cr values do not show any significant correlation with the C org content (Table 5) .
Selective extraction analysis
Sequential exraction analysis were performed to determined the anthropogenic and /or natural inputs on metal distributions in the bay surface sediments. Metal contents of the geochemical phases were given in Table 6 .
The highest values of Al, Fe, Zn, Co, and Cr varied between 2.2 % with 10.9 %, 3.8 % with 5.4 %, 18 % with 98 %, 4 % with 9 %, and 12 % with 51 % in the residual phase, respectively. In contrast, the highest values of Cu and Mn ranged from 6 % to 26 % in organic phase and from 32 % to 276 % in the Fe-Mn oxyhydroxide phase, respectively. While Fe and Cr values were generally lower than the detection limit of the methods (<0.05 and 0.08 µgL-1) in the exchangeable and carbonate phases, Al contents were also detected in the organic and residual (lithogenous) phases. Zn and Mn showed the highest values in Fe-Mn-oxyhydroxide phase, but Cu those in the organic phase along the bay. In addition, Cu, Zn, Mn and Co levels were relatively high in all geochemical phases. Table 6 . Metal distributions in different geochemical phases (%).
Discussion
DO concentrations of the water column were low in August 1999, after the earthquake, compare to that of other sampling periods. The low DO content was determined in all the stations of İzmit Bay, and particularly in the lower layer waters of the eastern and the central basins, being lower than the detection limit of the method (0.03 mgl -1 ) (Figure 7b ). The negative DO-SDO value along the water column suggested that the oxygen utilization was resulted from the decomposition of organic matter ( Figure 5 ). The limited air-water exchange of free oxygen caused by the spreading petroleum from the refinery fire to the sea surface might be one of the main reason for lowering of DO content in water column. The highest oil concentration was determined in surface water of south of the central basin as 179.2 mgl -1 in August 1999 . The oil concentrations of the surface water are more than 500 gl -1 in almost half of the western and central basins after the earthquake. In spite of high oil pollution levels of the surface water, the oil concentrations in the lower layer are between 13-55 gl -1 in the Bay exception of north of the central basin in August 1999. This oil pollution level decreased to 10.5 mgl -1 in September 1999 and 3.3 mgl -1 in October 1999. The upper layer flows westward to Marmara Sea, while the lower layer flows into the Bay transporting oxygenated Mediterranean originated Marmara Sea waters in September and October 1999 . This current system provided the removal of the petroleum layer at the sea surface from İzmit Bay to the Marmara Sea and consequently DO concentrations increased in the water column accompanied by phytoplankton bloom (Figure 4a ). Phytoplankton bloom was intense in the eastern basin (2,553,000 cell/l, Güven et al., 2000) and possibly the reason for the saturated DO content in this part of the Bay ( Figure 5 ). Since the domestic and industrial wastewater system has been damaged by the earthquake, the nutrient input into the Bay increased, causing the extreme phytoplankton bloom . In spite of high DO concentrations of the upper layer, DHS is found in the lower layer of the eastern and the central basins (Figure 3 ). This striking condition clearly indicates the excess organic load that rapidly depositing at the bottom of the Bay. Although no DHS data is available for the previous sampling period (August and September 1999), the establishment of this anoxic condition at the bottom might have started to develop earlier than October 1999. Earlier studies related to the ocenographic f e a t u r e s o f t h e B a y h a v e n e v e r d e t e r m i n e d a n o x i c c o n d i t i o n s i n t h e w a t e r c o l u m n (Morkoç, et al., 1988; Tuğrul et al., 1989; Morkoç et al., 1996) . The Marmara Sea water flows as the upper layer into the Bay in December 1999 and the current system is towards the interior of the Bay, whereas the lower layer flows out of the Bay . The available DHS formation in the eastern and the central basins is reduced or completely disappears in this month by the outflow of the lower layer (Table  2 ). This current system becomes reversed in February 2000, entering the lower layer and out-flowing the upper layer. The significant increase of DO concentrations of the upper layer in February 2000 might possibly indicate the replenishment of water column in İzmit Bay with oxygenated waters. This is in agreement with the vertical and spatial distribution of DO concentrations in February (Figures 3 and 4b) . The thickness of the upper layer increases to 25-30 m suggesting the entrance of waters into the Bay. DO content of the both the upper and the lower layer slightly decreases in May 2000, together with increasing alkalinity (Figures 4b, 7b, 8 and 9) . The reducing DO content in this month might be related with the water influx enriched with nutrients into İzmit Bay from the Black Sea (via the Marmara Sea) that receives increasing amount of freshwater inflow during spring (Oğuz and Sur, 1986; Tuğrul and Polat, 1995) . In August 2000, DO concentration of the water column is significantly reduced (Figures 4 and 6) , suggesting the enhanced consumption of DO by decomposition of high organic materials that possibly from the subsequent death of blooming phytoplanktons. In the eastern basin, the lowest pH is found in this month, supporting the increasing decomposition processes and the formation of DHS (Figure 9 ). The formation of DHS leading to anoxia at the lower layer of İzmit Bay occurs in the eastern basin where the depths are shallower than 30 m and also locally in the deep site of the central basin where circulation is restricted (Table 2) . After the Earthquake, in the central and the eastern basins, the formation of DHS is resulted from the spreading petroleum from the refinery fire to the surface waters and accumulation of high amounts of organic load from the damaged wastewater systems, and resuspension of bottom sediments releasing the DHS in the anoxic part of the sediment column. This is in agreement with the low DO concentrations of the water column in İzmit Bay during August and September 1999 (Figures 4a, 7a ). The removal of anoxia at the bottom of the eastern and the central basins occurred in December 1999 by the replacing of water layers with the oxygenated Marmara Sea waters. DHS exists in the lower layer consistently throughout the sampling period in station 17 (Table 2) , however its thickness varies. The reduced bottom current velocities (Algan et al., 1999) and topographic restriction of this small depression might be the reasons for the presence of DHS, by preventing the circulation. In August 2000, DHS forms again in the eastern basin in low concentrations (Table 2) . This re-occurrence of DHS is related with the extreme phytoplankton bloom. A high amount of organic matter produced from their death consumes oxygen for decomposition in the sediment. High decomposition rates might have led the depletion of DO in the overlying water column and consequent formation of DHS. The seasonal circulation pattern and timing of blooms in İzmit Bay were not different than the present as indicated by the www.intechopen.com previous studies (Oğuz and Sur, 1986; Tuğrul et al., 1989; Morkoç et al., 1996) . DO content has never been fallen below 0.5 mgl -1 , and no DHS has been detected in İzmit Bay. Therefore, the re-occurrence of DHS a year after the Earthquake might indicate that İzmit Bay has not been completely return to its regular chemical oceanography. This may be explained by the fact that the amount of organic and possible inorganic wastes into İzmit Bay must have been considerably high and/or must have continued to discharge after the Earthquake. Increasing nutrients, phytoplankton blooms, rapid sedimentation of death organisms and decomposition processes constituted a successive cycle in İzmit Bay and intensified by the Earthquake at 17 th August 1999. However, decomposition processes within this cycle might not be completed within a year. The highest pH values found (8.9) at the upper layer compare to other months in the eastern basin confirms the increasing biological activity in October 1999 (Figure 8 ). During the respiration of phytoplanktons, dissolved CO 2 content of water column increases and consequently CO 3 -2 and HCO 3 -anions increase. Increasing carbonate causes enhancement of alkalinity. The pH values become 7.9 at the lower layer (Figure 9 ) where the anoxic conditions are developed (Figure 3 ) and indicate the decomposition of organic matter. Total metal contents in the İzmit Bay sediments increase towards to eastern basin. The eastern basin receives the highest inputs compare to other basins of the Bay . Ergin et al., (1991) suggested that the surface sediments in İzmit Bay are uncontaminated by anthropogenic pollution. However Yaşar et al., (2001) investigated that the heavy metal concentrations are highest in the eastern and central basins. The western basin was found generally unpolluted with respect to heavy metals in this study, also. Selective extraction studies indicate that the metals are mainly found in the lithogenous, FeMn-oxvhydroxide and organic fractions (Table 6 ). The results show that the main source of high metal concentrations in the İzmit Bay sediments is of anthropogenic origin. The highest metal values in these fractions are found in eastern basin sediments similar to total metal distributions.
Conclusions
Izmit Bay have been polluted by increasing industrial activities and domestic discharges since early 1980. However this abrupt event caused short-time drastic changes in the water column. Earthquake at 17 August 1999 initiated a fast variation in the chemical oceanography of polluted Izmit Bay. This variation includes the consumption of DO and formation of DHS in the lower layer. The refinery fire and damaged municipal waste effluents caused the reduction of DO in water column by preventing the oxygen transfer from air/ water contact and increasing organic wastes, respectively, and as a result DHS was formed. The increasing wastewater into the Bay stimulated the phytoplankton blooms that causes locally saturated DO concentrations in the eastern basin, however anoxic conditions were prevailing in the lower layer during autumn 1999. The changing circulation pattern during winter provided replenishment of the water column in Izmit Bay and removal of DHS. However, DHS formation established again in August 2000. The distribution of total metals (Fe, Pb, Cu, Zn, Co, Cr and Cd) in both the water-column and surface sediments showed the influences of terrestrial anthropogenic inputs in the bay. The Mn enrichment in the lower-layer water of the central and eastern basins www.intechopen.com originated from the occurring anoxic conditions after the Marmara (Izmit) earthquake. Selective extraction studies indicated that t h e m e t a l s w e r e m a i n l y f o u n d i n t h e lithogenous, Fe-Mn-oxvhydroxide and organic fractions. The results underlined that the main source of high metal levels in Izmit Bay sediments is of anthropogenic origin. These conclusions reached by the selective extraction studies were supported by the "total" metal distributions along the bay.
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